Acetolactate synthase (ALS) inhibitors are highly potent herbicides that include the sulf onylureas, imidazolinones, triazolopyrimidine sulfonamides and pyrimidyl salicylates. Currently there are ALS-inhibiting herbicides for use in all major crops including maize, soybeans, rice, and cereals. species in all of the major crops. In all the cases studied, the mechanism of resistance has been due to selection of an altered form of the ALS enzyme. Detection of resistance to ALS inhibitors can be done through whole plant screening, in vitro and in vivo enzyme assays. ALS resistance can be managed through the by using ALS inhibitors in an integrated system which utilizes other herbicides as well as mechanical, cultural and biological weed control methods.
Introduction
In the early to mid 1980s acetolactate synthase inhibitors (ALS) were introduced into the marketplace16).
These new herbicides controlled a broad spectrum of broadleaf weeds and grasses at rates ranging from 10 to 200g/ha. They also were safe to nontarget organisms including mammals, fish, birds and insects. One reason for the low toxicity of these new classes of herbicides to non-plant organisms was their site of action. All of these herbicides kill plants by inhibiting acetolactate synthase (ALS, also known as acetohydroxyacid synthase), the first enzyme in the branched chain amino acid pathway. Thus, these herbicides do not affect mammals, fish, birds or insects because this target does not exists in these organisms16). Discovery of Resistant Weeds ALS inhibiting herbicides have become widely used in many different crops because of their high potency, low cost, low toxicity and flexibility of use. One of the consequences of the high potency of these herbicides is that they can place high selective pressure on weed populations. The first ALS inhibitor to be introduced into the market was chlorsulfuron (2-chloro-N-[[ (4-methoxy-6-methyl-1, 3, 5-trazin-2-yl) amino] carbonyl] benzenesulf onamide) which was registered in 1982 in the U. S. for use in cereals2). Chlorsulfuron is a highly effective, long residual herbicide that was quickly adopted by the wheat growers in the northwestern U. S. The first recorded case of resistance to an ALS inhibitor under field conditions occurred in 1987 when a farmer in Idaho found that he was no longer controlling patches of wild lettuce (Lactuca serriola) in fields that had received continuous applications of chlorsulfuron for 5 years13). In 1988 and 1989 chlorsulfuron resistant populations of kochia (Kochia scoparia) and Russian thistle (Salsola iberica) were found throughout the cereal growing area of the U. S. where chlorsulfuron was the only herbicide that had been used in these fields for 3 to 5 years13).
Classes of ALS Inhibitors
In 1992 populations of smallf lower umbrella sedge (Cyperus difformis) and California arrowhead (Sagittaria montevidensis) with resistance to bensulfuron (2-[[[[[(4, 6- Resistance to ALS inhibitors in the U. S. has been confirmed in 30 states in wheat, corn, soybeans, rice, and along railroads and roadsides8,3). In some cases, the resistance can be fairly widely dispersed. In a survey for sulf onylureas resistance in kochia populations in Idaho, Montana and Colorado researchers found that 50% of the populations surveyed contained resistant biotypes10 Many of these populations grew along roadsides as well as in fields. Since kochia is a tumble weed that can disperse its seed over long distances, it is unclear whether sulf onylurea resistance was due to in situ selection or if it spread from trucks or from resistant populations in wheat fields.
Mechanisms of Resistance Altered ALS Enzyme
In all of the populations where the mechanism of resistance has been determined, the resistance is due to the selection of an altered ALS enzyme that is no longer sensitive to the herbicides. The pattern of cross resistance between the ALS inhibitors is variable. In chlorsulfuron-resistant biotypes of kochia, there are varying levels of cross resistance to other sulfonylureas and triazolopyrimidine sulf onamides13, 18 The cross resistance to imidazolinones is also variab1e14, 16, 17) Fitness of Resistant Biotypes ALS inhibitor resistant biotypes appear to be as fit as susceptible wild types. Seeds of the resistant (R) biotypes of wild lettuce germinated more rapidly than susceptible (S) biotypes in a study conducted by MallorySmith et al9). Germination studies on R and S biotypes of kochia from Kansas and Montana showed that the R seed germinated more rapidly at cool temperatures compared to S biotypes4), although the germination at higher temperatures was unaffected. Analysis of the pool sizes of the branched chain amino acids in the two biotypes showed that the R biotypes had higher levels of valine, leucine, and isoleucine4). However, the relationship between these differences in amino acid pool sizes and germination is unknown.
Growth and competition studies on R and S biotypes of wild lettuce under greenhouse conditions showed that the S biotypes produced 31% more biomass than the R biotypes but the relative competitive ability of the two biotypes was similar9>. R and S biotypes of kochia were also equally competitive. R and S biotypes of kochia and wild lettuce produced similar amounts of seed, and the seed longevity of R and S biotypes of wild lettuce were similar under field conditions. Thus, there appears to be little loss of fitness associated with ALS resistance13). At the enzyme level, the catalytic efficiency of ALS appears to be unaffected by resistance to these inhibitors. The Km for pyruvate in ALS from resistant kochia, Russian thistle, chickweed (Stellaria media) and perennial ryegrass (Lolium perenne) ranged from 1.7 to 4.8 mM, which is close to Km values reported for susceptible plant ALS13).
There have been reports that the feed back regulation of resistant ALS by valine and leucine is altered in some biotypes but not in for biotypes selected by a sulf onylurea is at a proline site where a mutation that replaces proline with any other amino acid gives resistance. In a study conducted by Guttieri et al7), they found that in 8 populations of ALS resistant kochia studied, 6 of the populations contained a mutation at this proline site. Cross resistance studies have shown that mutations at the Pro site result primarily in resistance to sulfonylureas and triazolopyrimidines13). Another site that has been found in resistant weed populations is in another region of the ALS gene where a mutation that changes a tryptophan to leucine, the plant becomes broadly cross resistant to all ALS inhibitors13).
Detection of Resistance to ALS Inhibitors
The most definitive and least ambiguous method for determining if a weed biotype is resistant to an ALS inhibitor is through whole plant assays. In such assays, plants from the test population are grown from seed and compared to a known susceptible popula- However, such assays have to be done carefully in order to avoid artifacts. The source of the plant material from which the enzyme is extracted is critical to the success of in vitro enzyme assays. Young, rapidly growing tissue is the best source. It is difficult, if not impossible, to use plant material that has been shipped from the field to a laboratory. It is best if the plant material is from young seedlings grown from seeds of the test population. It is critical for the tester to have experience in extracting and running an in vitro ALS assay in order to get reliable results. In running the assay following standard protocols, one should include an extract from a susceptible control. In addition, one should include a positive control, such as valine plus leucine in order to eliminate the presence of non-ALS activity, thus avoiding artifacts.
Modified ALS assay Another method exists that allows one to measure ALS activity in a semi-in vivo manner6 
